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Estimation of Relative 
Pesticide Leaching in 
Nebraska Soils 
PJ. Shea, L.N. Mielke, and W.D. Nettleton 
University of Nebraska, USDA-ARS and USDA-SCS, Lincoln, NE 
ABSTRACT 
A computational procedure (RIPS, Relative Index for Pesticides and Soils) 
was developed as a conservative estimator of pesticide leaching and groundwa-
ter contamination based on soil and pesticide properties, and water table depth. 
Soil vulnerability index (SI) values were assigned to the 17 most extensive soil 
series in Nebraska for hydraulic conductivity (Sil), and adjusted for organic 
carbon (Sl2), pH (SI3), and CEC (Sl4) rankings. A separate index (WI) was 
developed for water table depth. Fifteen herbicides and 10 insecticides used in 
Nebraska were assigned a pesticide leachability index (Pl) for water solubility 
(Pll) and adjusted for retention by soil (Pl2), persistence (PI3), and volatility 
(PI4). A pesticide-soil score (PSS) was calculated, giving equal weight to soil 
vulnerability to leaching (SI) and pesticide leachability (PI) for each pesticide 
and soil. A groundwater contamination score (GCS) was calculated from PSS 
and WI values. GCS values generally were lower than PSS values, indicating 
that depth to groundwater reduces contamination potential in mosfNebraska 
soils. Contamination scores calculated for atrazine, the herbicide most fre-
quently detected in Nebraska's groundwater, varied with soil texture and depth 
to groundwater. Atrazine detection in groundwater underlying soils with a 
computed low contamination potential may be attributed to intensity and 
frequency of use in some locations, transport via surface water or preferential 
flow vectors, rainfall or irrigation factors, or point sources. RIPS values offer 
guidance in pesticide selection and identify situations where a detailed site-
specific evaluation should be conducted. 
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INTRODUCTION 
An estimated 90 percent of all row crops in Nebraska were treated with 
herbicides in 1987 (Baker et al., 1990). Insecticides were used on 57% of com, 
26% of grain sorghum and 7% of soybean acres. Pesticides provide many 
benefits but residues may become environmental contaminants. Groundwater 
monitoring surveys conducted in the mid-1980's indicated 16 pesticides in the 
groundwaterofat least 23 states, including Nebraska (Hallberg, 1986; Chen and 
Druliner, 1987). A 1988-1990 national survey conducted by the United States 
Environmental Protection Agency (USEPA, 1990) indicated detection of one 
or more pesticides or pesticide degradation products in 31 of 750 rural water 
supply wells and 78 of 540 community water supply wells in Nebraska. A few 
wells ( 4 rural wells and 4 community wells) had pesticide concentrations above 
the MCLs (maximum contaminant levels) mandated or proposed by the 
USEPA. 
A 1990 compilation of groundwater monitoring data for Nebraska (Exner 
and Spalding, 1990) indicated detectable atrazine levels in 303 of 2260 wells 
sampled (13% ). Most (78%) of the wells with detectable atrazine contained 
ppb of the herbicide. Twenty-two wells contained atrazine at concentrations 
greater than the 3 ppb MCL proposed by the USEPA. Two wells with 
concentrations ppb could be attributed to point sources. Some of the wells 
containing 5-10 ppb atrazine were located in fields with irrigation reuse pits. 
Where point sources have not been identified, contamination has generally 
been attributed to, and regulatory action has been directed toward, nonpoint 
leaching of pesticides through soil. About 70% of the atrazine detections in the 
1990 database occurred in locations where the groundwater is highly vulnerable 
to contamination, typically irrigated continuous com on well-drained soils 
where the water table is less than 50 feet deep. Assessment of the risk of 
groundwater contamination with pesticides from nonpoint sources may be 
difficult since each pesticide has unique properties and soil properties are site-
specific. Environmental advisories are needed to assist in the planning of 
management strategies involving pesticides. 
Quantitative Models 
Quantitative models to predict pesticide-soil and pesticide-environment 
interactions have been developed, evaluated and reviewed (Troester et al., 
1984; Bonazountas, 1983; Walker, 1987; Wagenet and Rao, 1990). The 
USEPA has made use of several management oriented soil, water, and solute 
transport models for pesticide registration and regulation purposes. The 
CREAMS, PRZM, DRASTIC, and GLEAMS models are some of the ap-
proaches that have been used to assess pesticide movement in soil. GLEAMS 
2 
(Groundwater Loading Effects of Agricultural Management Systems, Leonard 
et al., 1987), a modification of the earlier CREAMS (Chemical, Runoff, and 
Erosion from Agricultural Management Systems, Knisel 1980) model, incor-
porates hydrology, erosion and pesticide components. Pesticide components 
include degradation, partition into runoff, vertical flux, transport with sedi-
ment, evaporation and uptake. PRZM (Pesticide Root Zone Model, Carsel et 
al., 1985) estimates surface runoff from daily precipitation through an adapta-
tion of the curve number method (USDA-SCS, 1972), and uses a modification 
of the Universal Soil Loss Equation (Williams and Bernt, 1977) to estimate 
erosion and sediment yield. PRZM is less responsive to rainfall for surface 
runoff and erosion than GLEAMS. DRASTIC (Aller et al., 1985) utilizes a 
numerical scoring system based on summation of weighted rank assignments 
for water table depth (D), net recharge (R), aquifer media (A), soil media (S), 
topography (T), impact of the unsaturated zone (I), and aquifer hydraulic 
conductivity (C). A major weakness in DRASTIC was the absence of input 
based on pesticide properties. The extent of field validation varies among the 
models and none may be universally applicable. The GLEAMS and PRZM 
models are being employed by USEP A to assess pesticide leaching potential. 
A quantitative model should be employed as part of a detailed site-specific 
evaluation should an initial evaluation suggest high leaching or groundwater 
contamination potential. 
Qualitative Models 
Although GLEAMS and other quantitative models offer a viable approach 
for quantitative prediction of pesticide leaching, agriculturalists in the field 
need tools for simple and rapid risk assessment. Management decision-aid 
models are being developed for specific applications in crop protection. CMLS 
(Chemical Movement in Layered Soil), developed in Florida (Nofziger and 
Hornsby, 1986; 1987), represents significant progress toward this end, but has 
considerable data input requirements, and may not fit the North Central region 
due to differing soil, climatic and management factors. An earlier guide 
(Weber, 1975; 1977) utilized a simple user-oriented risk assessment ranking 
scheme for pesticides, but site characteristics were not included. A comprehen-
sive risk assessment tool should include both site and pesticide factors, and be 
adaptable to accommodate climatic and management variables. 
A user-friendly guide is needed for agricultural practitioners in Nebraska 
and the North Central region. Goss and Wauchope (1991) proposed a scheme 
for assessing water pollution risk for pesticides targeted for use in Nebraska. 
The approach involves determination of relative risk ratings for a pesticide and 
soil, incorporating surface water and percolation losses. Good agreement with 
GLEAMS determinations was obtained. University of Nebraska researchers 
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(Shea et al., 1988) concurrently have been developing a similar, more simpli-
fied, user-friendly tool for a priori evaluation of potential nonpoint pesticide 
leaching and groundwater contamination based on pesticide properties and site-
specific soil properties. 
Relative Index/or Pesticides and Soils 
The approach described herein is RIPS, a Relative Index for Pesticides and 
Soils. The assessment is exclusive of precipitation factors and is intended as one 
aspect of a comprehensive plan for management decisions involving pesticides. 
RIPS currently is limited to the vertical component of solute movement and 
does not include displacement of pesticides adsorbed to soil colloids. RIPS is 
a conservative estimator of relative leaching and groundwater contamination 
potential for pesticides in Nebraska soils based on the physical and chemical 
properties of the soils and pesticides, and water table depth. 
APPROACH 
Soil Selection 
The 17 most extensive soil series in Nebraska were selected (Tables 1 and 
A-1). The Valentine soil series covers about one-fifth of the state, while 
Ulysses, the least extensive of the 17, covers only about 0.2% of the state 
(USDA-Soil Conservation Service, 1987). One or more of the soil series is part 
of 23 of the 24 map units published for Nebraska. The 17 soils include the 
dominant series in 16 of the map units (Aandahl, 1982). For example, Valentine 
constitutes 90% of the acreage of Map Unit 181. No soil series was included for 
the area of deep, fine-silty soils that lacks argillic horizons and occurs on 
undulating to hilly slopes adjacent to the Missouri Valley. 
The soil series are in families ranging in texture from coarse to fine. Within 
this range are sandy, coarse-loamy, fine and coarse-silty families. All of the 
fine-textured families have montmorillonitic mineralogy; the others have 
mixed mineralogy. X-ray diffraction data indicate that smectite is the dominant 
clay mineral in about half of the surface soil horizons, followed by mica and 
kaolinite (data not shown). Smectite is the dominant clay mineral in the Band 
( or) C horizons, although mica and kaolinite are also present. Fourteen of the 
series are Mollisols, ranging from Ustolls in the west to Udolls in the east. The 
other three soils are Psamments and Orthents. Some of the Mollisols are in 
Aridic subgroups. One soil, Wood River, has a natric horizon; six others have 
argillic horizons. Soil series symbols (see Table 1) on the Nebraska map (Figure 
1) indicate where some of the soils are found but is not all inclusive. Average 
annual precipitation also is included in Figure 1. 
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Table 1. Nebraska soil series and respectiveclimatological data. 
PrecipiJation 
Portion Average Range and 
Series Taxa Area0 of State Temperature (Average) 
Acres x 1000 % °F inches 
Valentine Typic Ustipsamrnent 10,869.6 22.2 53 18- 24 
(V) mixed, mesic (21) 
Coly Typic Ustorthent 2,156.4 4.4 53 21-24 
(Co) fine-silty, mixed (22) 
(calcareous), mesic 
Holdrege Typic Argiustoll 1,943.7 4.0 53 21- 24 
(Ho) fine-silty, mixed, mesic (22) 
Hastings Udic Argiustoll 1,483.8 3.0 53 24-28 
(Ha) fine, montmorillonitic, mesic (25) 
Uly Typic Haplustoll 1,252.4 2.6 50 21-24 
(U) fine-silty, mixed, mesic (21) 
Nora Udic Haplustoll 1,069.6 2.2 49 24-28 
(N) fine-silty, mixed, mesic (25) 
Crete Pachic Argiustoll 945.9 1.9 53 26- 30 
(Cr) fine, montmorillonitic, mesic (28) 
Keith Aridic Argiustoll 873.1 1.8 51 17 - 20 
(K) fine-silty, mixed, mesic (17) 
Hord Cumulic Haplustoll 766.8 1.6 54 22-24 
(H) fine-silty, mixed, mesic (24) 
Sharpsburg Typic Argiudoll 650.0 1.3 54 28-30 
(S) fine, montmorillonitic, mesic (30) 
Canyon Ustic Torriorthent 578.0 1.2 52 16- 18 
(Ca} loamy, mixed (calcareous}, (17) 
mesic, shallow 
Wymore Aquic Argiudoll 573.8 1.2 55 30-34 
(W} fine, montmorillonitic, mesic (32) 
Thurman Udorthentic Haplustoll 419.9 0.9 53 24 - 26 
(T} sandy, mixed, mesic (25) 
Anselmo Typic Haplustoll 206.1 0.4 51 20-22 
(A} coarse-loamy, mixed, mesic (21) 
Tripp Aridic Haplustoll 118.2 0.2 49 16 - 18 
(Tr} coarse-silty, mixed, mesic (16} 
Wood River Typic Natrustoll 79.3 0.2 51 21 - 25 
(Wr} fine, montmorillonitic, mesic (22} 
Ulysses Aridic Haplustoll 74.2 0.2 54 18 - 21 
(UI} fine-silty, mixed,mesic (17) 
1 NRI data (1982). Total acreage represented, 24,061,000 (49% of state total). 
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Soil Properties 
Soils were analyzed by standard methods (USDA-SCS, 1984) and proper-
ties were summarized (Tables 2 and A-2). Soil properties included particle size, 
organic carbon content, wilting point, bulk density, waterretention differences, 
cation exchange capacity, base saturation, pH and surface area. 
Particle size distribution was determined by pipette and sieving (Method 
3Al), and organic carbon was measured by acid dichromate digestion and 
FeS04 titration (Method 6Al). Water content was determined at 0.33 bar using 
natural fabric or 0.1 bar for the <2 mm soil fraction (Methods 4B le or 4B la). 
Wilting point was determined for the <2 mm soil fraction by pressure membrane 
extraction (Method 4B2a). Exchange capacity was determined by NHpAc at 
pH 7 (Method 5A8), base saturation was by NHpAc at pH 7 (Method 5Cl), 
pH was measured in a 1: 1 soil water dilution (Method 8Cla), and surface area 
was estimated by an equation developed by Nelson et al. (1977). Saturated 
hydraulic conductivity (K .. ) , an indicator of soil permeability, was calculated 
Table 2. Mean default properties for A horizons of Nebraska soils. a 
Organic Surface Hydraulic Water Table 
Soil Series Clay Carbon CEC pH Areab Conductivity Depthc 
% % cmol l :l m2g·• cmh·1 ft 
NH;Kg·• 
Valentine (l l)d 4 0.7 5 5.3 <5 20.000 6-lOO+c 
Coty (2) 25 1.7 23 7.5 96 0.180 80-150 
Holdrege (7) 22 1.7 19 6.1 79 0.099 80-150+ P 
Hastings (13) 23 1.7 18 5.9 84 0.018 80-150+ 
Uly (2) 25 2.1 24 6.8 98 0.150 80-150+ 
Nora (5) 27 1.9 23 7.0 109 0.170 30-60P 
Crete (16) 25 1.9 20 5.6 96 0.009 10-30P 
Keith (9) 21 1.3 19 6.9 71 0.140 100-200+ 
Hord (5) 19 1.4 17 6.2 59 0.410 <15-30 
Sharpsburg (17) 32 2.l 25 6.0 140 0.052 8-50 P, >200f 
Canyon (3) 14 1.7 14 8.0 29 0.300 400+ 
Wymore (13) 35 1.8 26 5.6 158 0.010 8-50f 
Anselmo (5) 10 0.7 9 6.0 3 3.600 50-100 
Thurman (6) 6 0.6 6 6.1 <5 20.000 15-30 
Tripp (6) 16 1.0 17 7.5 40 l.100 10, 50-150 
Wood River (9) 18 1.8 17 6.0 53 0.043 10-50 
Ulysses (5) 20 1.0 18 7.5 65 0.140 100-150+ 
1 Hydaulic conductivity is for the B horizon or most limiting horizon. 
bSurfacearea= [6.13 x(% clay)]+ [1.23 x(%organiccarbon)J-59.l. The equation was derived from 
data for Mollisols from Nebraska and Iowa. 
cEstimated range in depth. "P" indicates perched aquifer is common. Use specific site information 
;;vhenever possible. 
Numbers of pedons samples used. 
Tupth is 6-100+ ft but in valleys where irrigation is common depths are 6-50 ft. 
!Depths may be 8 ft or less under a small portion of these soils. 
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for each soil horizon using a model developed by the Soil Conservation Service 
at the National Soil Survey Laboratory (Baumer et al., 1987). A waterretention 
curve was developed for soil in each horizon for "expected" bulk density and 
a range bracketed by maximum and minimum. Three K ... values were calcu-
lated for each horizon; an expected value and the extremes. The K ... value used 
for each soil series was from the most restrictive horizon (Table 2), usually the 
B horizon. Adjustments in values within the range can be made if the operator 
knows that the soil tends towards either extreme in bulk density. 
A range in water table depth also was included for each soil (Table 2). 
Groundwater depth estimates were determined from soil position on the 
landscape and geological descriptions in county soil surveys. Depths to regional 
water tables were obtained from a groundwater atlas ofNebraska (Conservation 
and Survey Division, 1986). The operator should use site-specific information 
on water table depth for proper evaluation. 
Pesticide Selection 
Twenty-five pesticides were selected, including 15 herbicides and 10 
insecticides used in Nebraska and varying in chemical properties (Table 3). 
Pesticide properties included dissociation constant, water solubility, vapor 
pressure, sorption index (K0 ) and soil half-life. 
Assignment of Rank 
Soil and pesticide properties were assigned ranks between 1 (minor 
contributor to leaching) and 7 (major contributor to leaching). Soil rankings 
were based on hydraulic conductivity, organic carbon content, pH, cation 
exchange capacity (CEC) and water table depth (Table 4). Pesticide rankings 
were based on water solubility, vapor pressure, sorption index and soil half-life 
(Table 5). 
Soil Vulnerability and Pesticide Leachability Indices 
The RIPS procedure was used to determine soil vulnerability and pesticide 
leachability indices (SI and PI, respectively). Initial soil vulnerability index (SI) 
was based on hydraulic conductivity (Sil), and successive weighted adjust-
ments were based on, in sequence, organic carbon (Sl2), pH (SB), and CEC 
(Sl4) ranks: 
Sil = Hydraulic Conductivity Rank 
SI2 = Sil + [(Organic Carbon Rank - Sll)/(Sll + 1)) 
SB = SI2 + [(pH Rank - SI2)/(SI2 + 1)) 
SI4 =SB+ [(CEC Rank - SI3)/(SI3 + 1)) 
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Table 3. Chemical and physical properties of selected pesticides.• 
Pesticide Name Dissociation Water Vapor Sorption Soil 
Common Track Typi Constante Solubilil-i Pressuree lnt:kx Half-Life 
pk ppm mm Hg x 10-5 k .. days . 
alachlor (a) Lasso H N 242 1.40 190 14 
aldicarb (al) Temik I,N N 6000 5.30 30 30 
atrazine (at) Aatrex, etc. H 1.7B 33 0.03 160 60 
carbaryl (c) Sevin I N 40 2.10 229 7 
carbofuran (ca) Furadan I N 350 0.65 29 30 
chlorpyrifos (ch) Lorsban I N 2 0.90 6070 30 
Dursban 
cyanazine (cy) Bladex H I.OB 171 0.0002 168 20 
diazinon (d) DZN, Diazinon I N 40 14.00 85 30 
dicamba salt (di) Banvel H 2.0A 800,000 0.0001 2 14 
2,4-D ester (de) Weedone, etc. H N 50 >lOOOE 1000 10 
2,4-D amine (dm) H N 200,000 0.0001 109 10 
linuron (I) Lorox H N 75 0.86 863 60 
\0 malathion (m) Cygon I N 145 13.75 1797 1 
methyl parathion (mp) Mocap I N 60 0.13 5100 5 
metolachlor (me) Dual H N 530 1.30 200 20 
metribuzin (mt) Sencor, Lexone H N 1220 1.00 41 30 
pendimethalin (p) Prowl H N 0.5 3.00 24,300 60 
permethrin (pe) Ambush.Pounce I N 0.2 0.015 4 360 
phorate (ph) Thimet i N 50 0.03 1000 90 
picloram (pi) Tordon H 4.lA 200,000 0.0001 160 60 
propachlor (pr) Ramrod H N 580 0.24 420 7 
simazine (s) Princep H 1.7B 3.5 0.60 138 70 
tebuthiuron (t) Spike H N 2500 0.20 4 360 
terbufos (te) Counter I N 12 4.7 3000 5 
trifluralin (tr) Treflan H N 0.3 11.00 1400 60 
•values obtained from Wauchope (1988) or Weed Science Society of America (1989). 
bH = herbicide, I = insecticide, N = nematicide. 
cA = acid, B = base, N = nonionic. 
dWater solubility at 20-25-C. 
cyapor pressure at 20-C. Vapor pressures for salt formulations were set at 0.0001 x 10·5 since they are not considered to be volatile. 
SI2 was calculated if the pesticide was nonionic ("N" under pK0 in Table 
3), as pH and CEC generally have little influence on retention of nonionizable 
compounds in soil. If the pesticide was acidic or a salt formulation ("A"in Table 
3), SI3 was calculated as pH will affect dissociation and negative charge on the 
molecule. SI4 was determined for basic pesticides ("B" in Table 3). Site-
specific information for organic carbon content, pH and CEC should be used 
when available to determine appropriate values for the computation ( use Table 
2 as a guide). The sequence in which soil variables are entered into SI 
computations could be altered if appropriate. 
A pesticide leachability index (Pl) based on water solubility alone (PI 1) was 
adjusted by successive weighting for the influence of sorption index (PI2), 
persistence (PB), and volatility loss (PI4): 
Pll = Solubility Rank 
PI2 = Pll + [(Koc: rank - Pll)/(Pll + 1)) 
PB= PI2 + [(Persistence Rank - PI2)/(Pl2 + 1)) 
PI4 =PB+ [(Volatility Rank - PB)/(PB + 1)) 
Maximum Pl adjustment would be dependent on the method of pesticide 
application under consideration. PI4 was used for pesticides normally applied 
to the soil surface as some vapor loss might be expected. Volatility would not 
be a significant factor if the pesticide is incorporated, and PB would be used. 
The sequence in which pesticide properties are entered into PI computations 
could be altered if appropriate. 
Relative Leachability and Contamination Risk 
Pesticide-Soil Score. Both soil vulnerability to leaching (soil index, SI) and 
pesticide leachability (pesticide index, Pl) contribute to leaching potential 
(pesticide-soil score, PSS) for a particular soil. As pesticide and soil may 
contribute equally to leaching potential, PI and SI were given equal weight to 
obtain a pesticide-soil score (PSS): 
(Pl)(SI)lOO 
(Plmu)(Slmu) 
= Pesticide-Soil Score [PSS] 
Plmu and Slmu are the maximum pesticide leachability or soil vulnerability 
values. The maximum PSS is 100. PSS values were interpreted by grouping 
into five leaching potential categories: very low (2-20), low (21-40), moderate 
(41-60), high (61-80), and very high (81-100). Numerical values indicate 
relative leaching potential but category boundaries are arbitrary. PI and SI 
values could be weighted differently if appropriate. 
Groundwater Contamination Score. High pesticide leachability in a vulner-
able soil increases the potential for groundwater contamination. A separate 
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classification ( water index, WI) was used for water table depth Table 4 ). Water 
table depth is critical for assessment of groundwater contamination potential. 
Determination of water table rank should be based on actual groundwater depth 
and aquifer characteristics at each field site rather than on estimated depths as 
listed in Table 2. Groundwater depths under each soil is present in aquifers 
generally defined as confined or unconfined. Water in a confined aquifer is 
restricted between sloping layers of slowly permeable material and usually 
results in artesian pressure in wells. A confined aquifer can be recharged where 
layers come to the surface. Water in an unconfined aquifer is under atmospheric 
pressure and directly connected to the soil water system and leaching pathways. 
Direct leaching input to groundwater generally is more restricted in a confined 
aquifer than in an unconfined aquifer. 
The pesticide-soil score (PSS) and water index (WI) were given equal 
weight in computing a groundwater contamination score (GCS): 
(PSS)(Wl)(lOO) 
.(Wlm.) = Groundwater Contamination Score [GCS] 
Wlmu is the maximum water table index value. As computing GCS would not 
be advised where W1=7, a Wlmu valueof6 was used. IfWI is 7, i.e., the water 
table is less than 10 feet, contamination potential may be very high regardless 
of the soil or pesticide under consideration, and computation of a groundwater 
contamination score (GCS) may not be appropriate. GCS values were inter-
preted using five groundwater contamination categories: very low (2-20), low 
(21-40), moderate (41-60), high (61-80) and very high (81-100). As indicated 
for PSS categories, GCS category boundaries are arbitrary. PSS and WI values 
could be weighted differently if appropriate. 
Table 4. Soil rank assignments for hydraulic conductivity, organic carbon content, pH, 
CEC, and water table depth. 
Hydraulic Organic Water Table 
Rank° Conductivity Carbon pH CEC Depth 
cmh·1 % CII!Ol NH;1tg·1 feet 
<(UJOl ~12 s3 ~150 ~00 
2 0.001-0.009 8-11.9 3-3.9 100-149 200-399 
3 0.01-0.09 4-7.9 4-4.9 75-99 100-199 
4 0.1-0.9 2-3.9 5-5.9 50-74 50-99 
5 1.0-9 1-1.9 6-6.9 25-49 25-49 
6 10-99 0.5-0.9 7-7.9 10-24 10-24 
7 ~100 <0.5 ~8 <10 <10 
•Rank 1 indicates low and rank 7 indicates high soil leaching vulnerability. 
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Table 5. Rank assignments for pesticide properties. 
Vapor Sorption 
Rank0 Solubility Pressurl Inda 
ppm mm Hg x 10-5 k .. 
<1 ~10.000 ~5.000 
2 1-9 9,999-1,000 1,000-4,999 
3 10-49 999-100 500-999 
4 50-99 99.9-10 100-499 
5 100-499 9.9-1 50-99 
6 500-999 0.99-0.1 1-49 
7 ~1.000 <0.1 <1 
"Rank 1 indicates low and Rank 7 indicates high pesticide leachability. 
•vapor pressure at 68°F (20"C). 
DISCUSSION AND SAMPLE CALCULATION 
Soil Properties 
Soil 
HalfLife 
days 
<5 
5-9 
10-19 
20-39 
40-79 
80-159 
~160 
Soil Ap or Al horizons range in clay content from 4 to 35% (Table 2). One 
is a sand, another is a loamy sand, three are sandy loams, two are loams, eight 
are silt loams and two are silty clay loams. Surface areas range from <5 m2g·1 
to 158 m2g·1 Table 2) but most of the surface horizons have surface areas less 
than 100 m2g·1• Organic carbon content of Ap or Al horizons range from 0.6 to 
2, 1 %, but most contain over 1.0% organic carbon. Ten of the soils have surface 
horizons with a CEC of 18 or more cmol(NH/)kg-1 • All but one of the surface 
horizon base saturation values are above 85 % (Table A-2). Soil surface horizons 
range from acidic to moderately alkaline. 
X-ray diffraction data for surface horizons of six of the soils indicate that 
smectite is the dominant clay mineral in half of them (data not shown). Clay 
mica is the next most abundant, followed by kaolinite. Available data for the 
B or C horizons indicate that smectite is the dominant clay mineral, although 
mica and kaolinite are also present. The mean CEC for surface horizons of the 
17 soils is approximately 58 cmol kg·1 of clay and for subsoil horizons is 59 cmol 
kg·1 of clay. CEC values from 40 to 70 cmol kg·1 suggest that clays in many of 
these soils have mixed mineralogy (Nelson and Nettleton, 1975). Soil descrip-
tions and complete data for each soil and horizon are given in the appendix 
(Tables A-1 and A-2). 
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Soil and Pesticide Indices 
Calculation of maximum soil vulnerability indices (Sl4) indicates that 
pesticides are more likely to leach in the rangeland soils of this study than in 
the cropland soils (Figure 2). A few soils (Tripp, Anselmo, Valentine and 
Thurman) appear particularly vulnerable to leaching. The heavily cropped 
Crete, Wymore, Hastings, Wood River and Sharpsburg soils are less vulner-
able. SI values for all of the soils are listed in the appendix (Table A-3). 
Maximum pesticide index (PI4) values indicate that some pesticides have 
a much greater leaching potential than others (Figure 3). Among the most 
readily leachable, based on physical and chemical properties, are metribuzin, 
tebuthiuron, dicamba, picloram, 2,4-D amine salt and aldicarb. In contrast, 
trifluralin, terbufos, carbaryl, chlorpyrifos and pendimethalin are not likely to 
present leaching problems. The appendix contains a listing of PI values for all 
of the selected pesticides (Table A-4). 
Sample RIPS Computations 
The RIPS ranking and weighting system was used to estimate leaching 
(pesticide soil score, PSS) and groundwater contamination potential (ground-
water contamination score, GCS) for pesticides that might be used on the major 
cropland and rangeland soils of Nebraska. Sample computations for atrazine, 
picloram and trifluralin on Sharpsburg and Valentine soils follow. 
Atrazine. Atrazine is a relatively persistent herbicide oflow-moderate water 
solubility with an intermediate sorption index (Table 3). Surface-applied 
atrazine has a PI4 value of 4.38. Since atrazine is an organic base, soil pH and 
CEC influence movement so an SI4 value is computed. SI4 values for 
Sharpsburg and Valentine soils are4.43 and 5.90, respectively. Respective PSS 
values are 40 and 53 (Figure 4), which indicate a higher leaching potential for 
atrazine in Valentine than in Sharpsburg soil. 
At a water table depth of 50 feet, GCS values for atrazine are 27 in 
Sharpsburg soil and 35 in Valentine soil, indicating a low potential for 
groundwater contamination in both soils. If the water table depth was >400 feet, 
GCS values would be 7 and 9 (very low contamination potential) for atrazine 
applied to Sharpsburg and Valentine soils, respectively. However, for a shallow 
water table (10 to 24 feet, WI=6), GCS values equal the PSS values of 40 (low) 
in Sharpsburg soil and 53 (medium) in Valentine soil. 
Picloram. Picloram is ordinarily formulated as a salt and has high water 
solubility. Picloram persistence and sorption are similar to atrazine. Surface-
applied picloram has a PI4 value of 6.50. Since picloram is the salt of an organic 
acid, soil pH influences movement so an SI3 value is computed. SI3 values for 
Sharpsburg and Valentine soils are 3.65 and 5. 71, respectively. Respective PSS 
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values are48 (medium) and 76 (high), indicating a higherleaching potential for 
picloram in Valentine soil. Leaching potential for picloram is higher than 
atrazine in both soils, but the difference is greater in the more permeable 
Valentine soil. 
At a water table depth of 50 feet, picloram GCS values are 32 for Sharpsburg 
and 51 for Valentine soil. Low and medium potentials for groundwater 
contamination from atrazine would be expected in the respective soils. If water 
table depth was >400 feet, GCS values would be 8 and 18 (very low) in 
Sharpsburg and Valentine soils, respectively. If the water table was shallow (10 
to 24 feet), respective GCS values would be 48 (medium) and 76 (high). 
Ionization of picloram produces herbicide anions that are not strongly adsorbed. 
This property of picloram, along with its relatively long persistence, contributes 
to a medium contamination potential in the Sharpsburg soil. Low organic 
carbon content and high hydraulic conductivity of Valentine soil results in high 
contamination potential from picloram application. 
Trifluralin: The physical and chemical properties of trifluralin result in a 
lower potential for leaching and groundwater contamination than atrazine or 
picloram. Trifluralin is a relatively persistent herbicide but has a very low water 
solubility and is strongly adsorbed to soil organic matter (high K0J Trifluralin 
usually is incorporated into surface soil because of its relatively high volatility. 
Soil-incorporated trifluralin has a PI3value of2.90. Trifluralin is nonionic and 
SI2 values are 3.25 in Sharpsburg and 6.0 in Valentine soil. PSS values are 19 
(very low) and 36 (low) in Sharpsburg and Valentine soils, respectively. 
GCS values for trifluralin are low or very low in Sharpsburg and Valentine 
soils. At a water table depth of 50 feet, GCS values are 17 for Sharpsburg and 
24 for Valentine soil, resulting in a low or very low potential for contamination 
in both soils. If the water table depth was between 10 and 24 feet, GCS scores 
would be 19 in Sharpsburg (very low) and 36 (low) in Valentine soil. Low 
organic carbon content and high hydraulic conductivity, along with the soil 
longevity oftrifluralin, increase the contamination potential in Valentine soil. 
Greater trifluralin retention and slower infiltration (as in the Sharpsburg soil) 
would result in very low groundwater contamination potential. 
Relative Leachability and Groundwater Contamination Potential 
PSS values indicate relative leaching potentials for pesticides in cropland 
and rangeland soils of Nebraska (Figures 4 and 5). GCS values (Figures 6 and 
7) indicate groundwater contamination potential in the soils. Minimum water 
table depths (Table 2) were used for most soils in computing GCS values. Water 
table depths of 50, 50 and 30 feet were used for Valentine, Wymore and 
Sharpsburg soils, as these values are more representative of the series in 
Nebraska. GCS values generally were lower than PSS values, indicating that a 
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greater depth to groundwaterreduces contamination potential in most Nebraska 
soils. GCS values were equal to PSS values for the Wood River soil, where 
minimum water table depth was 10 feet (WI= 6). GCS computation is not 
appropriate for soils with water tables ~10 feet in depth. When the water table 
depth is <10 feet the potential for groundwater contamination is high. A WI 
value of 6 (10 to 24 feet) was used to compute GCS values for Thurman and Hord 
soils. 
Terbufos had low to very low PSS and GCS values on all soils, indicating 
that the properties of the insecticide minimize leaching in soil, including soils 
with high hydraulic conductivity and relatively shallow water tables. The 
herbicide trifluralin had similar low PSS and GCS values. 
Tebuthiuron had medium to very high PSS values. High and very high 
groundwater contamination potentials were indicated for the herbicide on Tripp 
soil and Thurman soils, respectively. Metribuzin, which ordinarily would not 
be used on rangeland soils, had high PSS values on Nora, Valentine, Tripp and 
Thurman soils. High to very high groundwater contamination potentials were 
indicated for the latter two soils. Particular caution is suggested for these 
pesticides and soils because of their high relative potential for leaching and 
groundwater contamination. A more complete site-specific evaluation, perhaps 
utilizing a quantitative model, may be warranted. 
The herbicides dicamba, 2,4-D amine and picloram had medium to high 
PSS values on both cropped and range soils, but groundwater contamination 
potential was low in some soils due to deep water tables. Aldicarb, metolachlor 
and propachlor had medium PSS values for most soils, but PSS values were high 
for Tripp, Valentine and Thurman soils. GCS values indicated that potential 
groundwater contamination from the latter three pesticides was medium in 
Wood River, Valentine and Hord soils, high in Tripp soil, and very high in 
Thurman soil. 
Atrazine, the herbicide most frequently detected in groundwater, had low 
PSSvaluesforCrete,Sharpsburg,Wymore,HastingsandWoodRiversoils,and 
medium PSS values for the other soils. GCS values indicated a low potential for 
groundwater contamination in Keith, Holdrege, Valentine, Nora and the 
aforementioned soils due to water table depth. A medium potential for atrazine 
contamination of groundwater was indicated for Hord and Tripp soils, while a 
high potential for contamination was indicated in Thurman soil. Atrazine 
detection in groundwater underlying soils with a computed low contamination 
potential could be attributed to intensity and frequency of use in some locations, 
transport via surface water or preferential flow vectors, rainfall or irrigation 
factors, or point sources. PSS and GCS values for simazine, a triazine herbicide 
similar to atrazine, were lower but generally would fall within the same 
category as atrazine. 
Alachlor, occasionally detected in groundwater samples, had slightly lower 
PSS values than atrazine in Ulysses, Crete, Sharpsburg, Hastings, Wood River 
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Figure 7. Groundwater contamination scores (GCS) for selected pesticides used on rangeland 
soils In Nebraska as computed from appropriate PSS and estimated minimum water 
table depth (WI) values. Refer to Tables 1 and 3 for soil and pesticide names. 
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and Nora soils. PSS values were similar to those for atrazine in Wymore, Hord, 
Keith, Holdrege and Tripp soils, and slightly higher in Valentine and Thurman 
soils. Based on estimated minimum water table depths, groundwater contami-
nation potential was lower for alachlor than for atrazine in Crete, Sharpsburg 
and Wood River soils, but was higher in Thurman soil. The differences between 
the two herbicides can be attributed to soil pH and CEC which have greater 
effects on the fate of atrazine than alachlor. The insecticides phorate and 
permethrin had PSS and GCS values intermediate to those of alachlor and 
atrazine, suggesting similar leaching and groundwater contamination poten-
tials. 
PSS and GCS values indicated relatively low leaching and groundwater 
contamination potential for the herbicide pendimethalin, and the insecticides 
carbaryl, chlorpyrifos, diazinon, methyl parathion and malathion in most 
cropland and rangeland soils. A medium contamination potential was indicated 
in the Thurman soil. Values were similar for linuron, with a slightly greater 
groundwater contamination potential than the other pesticides in Tripp soils. 
Beyond RIPS 
The RIPS procedure provides a useful first approximation of pesticide 
leaching and groundwater contamination potential for specific pesticides and 
soils. RIPS values offer guidance in pesticide selection and identify situations 
where a more thorough evaluation should be conducted. There is operator 
flexibility in assignment of priority and weight to RIPS components. PSS and 
GCS values are not absolutes, but are based on soil and pesticide properties 
known to influence movement. Point sources, preferential flow, rainfall and 
irrigation, pesticide application rate, time of application and tillage practices 
can have a major influence on the fate of pesticides applied to soils. All of these 
site-specific factors must be considered in a comprehensive pest management 
plan. 
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Table A-1. General descriptions of 17 Nebraska soil series. 
Valentine Soils (V) are deep, excessively drained, rapidly permeable soils formed in 
eolian sands on gently to very steeply sloping dunes. Nearly all are native-grass 
rangeland. Most are not suited to cropping because of steepness and hazard of blowing. 
Groundwater can be close to the surface and in great abundance but only a small portion 
is irrigated. 
Coly Soils (Co) are deep, medium-textured, well-drained to excessively drained, 
moderately permeable soils formed in calcareous loess on steep to very steep uplands. 
Cultivation is limited and native range and reestablished grassland are common. 
Irrigated acres are limited. Groundwater depth is from 80 to 150 feet. 
Holdrege Soils (Ho) are deep, well-drained, moderately permeable soils formed in 
calcareous loess on nearly level to gently sloping uplands. Most are cultivated and well 
suited to all crops, while others provide excellent range. More than half are irrigated. 
Groundwater for domestic supply can be shallow (<10 feet) however, most irrigation 
water comes from the Ogalalla Formation at depths of 100 to greater than 150 feet. 
Hastings Soils (Ha) are deep, well-drained, moderately slowly permeable soils formed 
in loess on nearly level to strongly sloping uplands. Most are in dryland or irrigated 
crops. Groundwater is greater than 100 feet depth. 
Uly Soils (U) are deep, well to somewhat excessively drained, moderately permeable 
soils formed in loess on moderately to strongly sloping uplands. The steep areas are in 
native grass with less than half the area cultivated. Irrigation potential of soil is high, 
however not much is irrigated. 
Nora Soils (N) are deep, well-drained soils formed in loess on gently to strongly sloping 
uplands. Farms are diversified, mainly livestock and cash grain enterprises. The 
potential is fair for irrigated crops but the supply of water for irrigation is limited.Water 
for domestic use may also be limited (30-60 feet deep) under these soils and is 
sometimes of poor quality. 
Crete Soils (Cr) are deep, moderately well to somewhat poorly drained soils formed 
in loess on nearly level upland or stream terraces. Nearly all are used for dry land wheat, 
grain sorghum, and alfalfa. Groundwater is 6 to 12 feet and is used to sub-irrigate some 
deep rooted crops. A limited acreage is irrigated by sprinklers. 
Keith Soils (K) are deep, well drained, moderately permeable soils formed in loess on 
nearly level to strongly sloping broad upland divides, ridgetops, side slopes, and stream 
terraces. Farms are mainly cash-grain dryland operations. Irrigation is limited as 
groundwater depth is >200 feet to supplies sufficient for irrigation. 
Hord Soils (H) are deep, well-drained, moderately permeable, soils that formed in 
loess on nearly level to gently rolling uplands, or in mixed loess and alluvium on foot 
slopes and stream terraces boarding major rivers. Nearly all are used for cash grain and 
are very productive. Sub-irrigation of alfalfa and deep rooted crops is common where 
the water table is close enough to the surface ( often <15 feet). Surface irrigation is used 
on most of the acreage. 
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Sharpsburg Soils (S) are deep, moderately well drained, moderately slowly permeable 
soils formed in loess on nearly level to strongly sloping uplands and high stream 
terraces. Nearly all are used for dryland cropping. Groundwater for domestic use is 
generally available from shallow (30 to 60 feet), low yielding wells in the unconfined 
aquifer. Irrigation is limited by low water yield and depths greater than 200 feet. 
Canyon Soils (Ca) are well drained to somewhat excessively drained, moderately 
permeable, residual soils that are shallow and formed on weakly cemented limestone 
or calcareous very fine grained sandstone. They are found on gently sloping narrow 
upland ridgetops and steeply sloping side slopes. Range and hay production are the 
major agricultural land uses since these soils are unsuited for normal cultivation. 
Groundwater for irrigation is available from the confined aquifer at greater than 400 
feet. Steep landscapes and shallowness of soil limit irrigation. 
Wymore Soils (W) are deep, moderately well-drained, slowly permeable soils formed 
in loess on nearly level to strongly sloping uplands. Nearly all are used for dry land crop 
production, predominantly of grain sorghum and wheat. Ground water is very limited 
and available only for domestic water supplies. Limited acreage is irrigated. 
Anselmo Soils (A) are deep, well-drained, moderately rapidly permeable soils formed 
in loamy eolian materials on uplands and stream terraces that have gentle to moderately 
steep slopes. Most are used for diversified dry land cash grain. There are small areas in 
pasture and rangeland for livestock production. Irrigation is limited due to low yield of 
groundwater on uplands, but irrigation water is available on stream terraces. 
Thurman Soils (T) are deep, well, or somewhat excessively drained, rapidly perme-
able soils formed mainly in eolian sands on nearly level to gently sloping uplands and 
stream terraces. Farming operations are mixed and include both irrigated and dry land. 
Grain is the major cash crop on irrigated farms. Wheat, sorghum and alfalfa and cow-
calf herds on pasture and range are common dryland operations. Groundwater is 
abundant and found about 15 feet deep. 
Tripp Soils (Tr) are deep, well-drained, moderately permeable soils formed in silty or 
loamy alluvium or loess on nearly level to strongly sloping stream terraces. Most are 
cash grain-livestock operations with winter wheat as primary crop. Most are irrigated. 
Ground water depth can have wide ranges from 50 to 150 feet. 
Wood River Soils (Wr) are deep, moderately well drained, slowly permeable soils 
formed in silty alluvium on nearly level to gently sloping stream terraces. Most are 
cultivated with a great portion irrigated predominantly by surface methods. Groundwa-
ter is abundant at 10 to 50 feet depth. 
Ulysses Soils (Ul) are deep, well drained, moderately permeable soils formed in 
calcareous loess on uplands. Most are cropland on the flatter slopes and pasture land 
on the steeper slopes. Sprinkler irrigation is common. Groundwater from the Ogalalla 
Formation is 150 feet or more deep. 
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Table A-2. Mean values of selected properties for 17 Nebraska soils. 
Horizon Clay Silt Sand Organic Wilting Bulk WRD" CEC Base pH Surface 
and Depth Carbon Point Density NH,OAc Sat. 1 :1 Water Areab 
cm % % % % % gcm·3 cmcm·1 cmolkg·1 % m2g-l 
Valentine soils (l 1t, mixed, mesic Typic Ustipsamments 
A 4 4 92 0.7 3 1.47 .09 5 84 5.3 <5 
0-13 
AC 4 2 94 0.4 2 1.53 .06 4 90 5.6 <5 
13-23 
C 4 l 95 0.2 2 1.56 .05 3 90 5.7 <5 
23-152 
Coly soils (2), fine-silty, mixed (calareous), mesic Typic Ustonhents. 
A 25 51 24 1.7 12 1.16 0.18 23 100 7.5 96 
l,l 0-10 0 
AC 23 57 20 1.0 12 1.23 0.18 21 100 8.2 83 
10-25 
C 19 59 22 0.3 10 1.34 0.18 19 100 8.4 58 
25-152 
Holdrege soils (/), fine-silty, mixed, mesic Typic Argiustolls. 
Ap 22 62 16 1.7 11 1.27 0.21 19 91 6.1 79 
0-~5 
Bt 34 54 12 0.8 16 1.38 0.15 26 98 6.7 150 
30.61 
BC 23 63 14 0.2 12 1.35 0.19 22 100 7.5 82 
61-76 
C 18 67 15 0.1 11 1.28 0.20 20 100 8.2 51 
76-152 
Table A-2. continued. 
Hastings soils (13), fine, montmorillonitic, mesic Udic Argiustolls. 
Ap 23 63 14 1.7 10 1.21 0.21 18 88 5.9 84 
0-15 
ABt 33 58 9 1.4 14 1.26 0.20 23 93 6.1 144 
15-36 
Bt 41 53 6 0.7 17 1.35 0.16 27 97 6.3 193 
36-94 
BCt 32 60 8 0.2 15 1.35 0.16 26 100 6.6 137 
94-122 
C 25 65 10 0.1 13 1.28 0.24 24 100 7.0 94 
122-152 
Uly soils (2), fine-silty, mixed, mesic Typic Haplustolls. 
A 25 51 24 2.1 12 1.26 0.15 24 99 6.8 98 
0-25 
v-l Bw 28 49 23 0.8 13 1.24 0.12 24 98 7.2 114 .... 
25-53 
BC 21 53 26 0.3 11 1.29 0.15 21 100 8.4 70 
53-64 
C 18 58 24 0.3 12 1.34 0.17 21 100 8.4 52 
64-152 
Nora soils (5), fine-silty, mixed, mesic Udic Hplustolls. 
Ap 27 63 10 1.9 13 1.35 0.16 23 96 7.0 109 
0-18 
Bw 27 66 7 0.7 13 1.37 0.14 22 100 7.5 107 
18-51 
Bk 22 69 9 0.3 11 1.30 0.14 18 100 8.1 76 
51-102 
Ck 22 68 10 0.1 11 1.30 0.15 18 100 8.3 76 
102-152 
Table A-2. continued. 
Crete soils (16), fine, rnontmorillonitic, rnesic Pachic Argiustolls. 
Ap 25 67 8 1.9 11 1.39 0.16 22 88 5.7 96 
0-15 
Bt 48 48 4 0.9 21 1.52 0.12 32 96 6.5 236 
33-81 
BCk 34 61 5 0.3 17 1.48 0.13 28 100 7.6 150 
81-107 
Keith soils (9), fine-silty, mixed , rnesic Aridic Argiustolls. 
Ap 21 48 31 1.3 10 NAd NA 19 99 6.9 71 
0-13 
Bt 27 47 26 0.7 13 NA NA 23 100 7.4 107 
23-58 
BCtk 19 50 31 0.3 11 NA NA 19 100 8.3 58 
w 58-84 N 
C 12 44 44 0.1 8 NA NA 16 100 8.6 15 
84-152 
Hord soils (5), fine-silty, mixed, mesic Cumulic Haplustolls. 
Ap 19 59 22 1.4 9 NA NA 17 88 6.2 59 
0-20 
Bw 21 59 20 1.0 10 NA NA 18 87 6.6 71 
36-122 
C 20 57 23 0.2 10 NA NA 17 99 7.9 66 
122-152 
Table A-2. continued. 
Sharpsburg soils (17), fine, montmorillonitic, mesic Typic Argiudolls. 
Ap 32 62 6 2.1 13 1.33 0.18 25 80 6.0 140 
0-20 
ABt 38 59 3 1.5 16 1.33 0.16 27 79 5.9 176 
20-43 
Bt 39 59 2 0.9 16 1.38 0.13 29 86 6.1 181 
43-112 
BC 34 62 4 0.3 14 1.40 0.15 27 93 6.4 150 
112-124 
C 31 66 3 0.2 14 1.36 0.18 25 94 6.6 131 
124-178 
Canyon soils (3), loamy, mixed (calcareous), mesic shallow Ustic Torriorthents. 
Ap 14 24 62 1.7 9 1.22 0.12 14 95 8.0 29 
0-15 
w 
w AB 22 23 55 1.4 12 1.27 0.09 14 95 8.0 77 
15-23 
Bw 23 26 51 0.9 13 1.09 0.12 12 96 8.1 83 
23-41 
Wymore soils (13), fine, montmorillonitic, mesic Aquic Argiudolls. 
Ap 35 61 4 1.8 15 1.31 0.18 26 89 5.6 158 
0-13 
ABt 44 54 2 1.4 19 1.32 0.16 32 92 5.8 212 
13-23 
Bt 46 52 2 0.8 20 1.35 0.14 32 97 6.4 224 
23-81 
BCt 35 63 2 0.2 17 1.45 0.15 28 100 7.0 156 
81-102 
C 33 65 2 0.2 16 1.39 0.18 27 99 7.0 143 
102-135 
Table A-2. continued. 
Thurman soils (6), sandy, mixed, mesic Udonhentic Haplustolls. 
Ap 6 13 81 0.6 3 NA 0.06 6 90 6.1 <5 
0-15 
AC 8 9 83 0.3 3 NA 0.04 6 94 6.3 <5 
25-36 
Cl 7 7 86 0.2 3 NA 0.04 6 97 6.6 <5 
36-81 
C2 4 3 93 <0.1 2 NA 0.02 3 97 6.8 <5 
81-152 
Anselmo Soils (5), coarse-loamy, mixed, mesic Typic Haplustolls. 
Ap 10 26 64 0.7 5 1.40 0.19 9 95 6 3 
0-13 
w Al 12 23 65 0.6 6 1.39 0.15 11 97 6 15 
""' 13-28 
Bw 12 21 67 0.3 6 1.39 0.17 11 99 7 15 
28-74 
C 10 19 71 0.1 5 1.42 0.18 9 100 8 2 
74-152 
Tripp soils (6), coarse - silty, mixed, mesic Aridic Haplustolls. 
Ap 16 34 50 1.0 9 NA NA 17 100 7.5 40 
0-18 
Bw 17 34 49 0.6 9 NA NA 18 99 7.4 46 
18-89 
Bk 16 50 34 0.2 13 NA NA 21 100 7.8 39 
89-114 
C 10 43 47 0.1 9 NA NA 18 100 8.1 2 
114-152 
Table A-2. continued. 
Wood River soils (9), fine, montmorillonitic, mesic Typic Natrustolls. 
Ap 18 61 21 1.8 8 NA NA 17 89 6.0 53 
0-23 
Bt 36 50 14 0.7 18 NA NA 27 100 7.6 162 
36-81 
Btk 30 54 16 0.3 16 NA NA 25 100 8.0 125 
81-91 
C 21 58 21 0.2 11 NA NA 21 100 7.9 70 
91-152 
Ulysses soils (5), fine-silty, mixed, mesic Aridic Haplustolls. 
Ap 20 42 38 1.0 9 NA NA 18 98 7.5 65 
0-10 
Bw 27 47 26 0.6 13 NA NA 22 100 7.9 107 
vJ 10-25 
VI 
Bk 24 53 23 0.4 13 NA NA 20 100 8.1 89 
25-46 
C 17 58 25 0.2 10 NA NA 19 100 8.3 45 
46-152 
8WRD=water retention difference between 33 and 1500 kPa. 
bSurface area is calculated from the following equation, surface area = [ 6.13 x (%clay)) +[ 1.23 x (% organic carbon)] - 59 .1, in m2g·1 based on mean values of clay 
and organic carbon for the horizon. 
"The number in parenthesis is the number of soil profiles included in the statistics. 
dData not available. 
Table A-3. Soil index (SI) values for the 17 Nebraska soils.• 
Soil Sil (OC rank) S/2 (pH rank) S/3 (CEC rank) S/4 
Cropland 
Crete (Cr) 2 (5) 3.00 (4) 3.25 (6) 3.89 
Sharpsburg (S) 3 (4) 3.25 (5) 3.65 (5) 4.43 
Wymore(W) 3 (5) 3.50 (4) 3.60 (5) 3.90 
Hastings (Ha) 3 (5) 3.50 (4) 3.60 (6) 4.12 
Wood River (Wr) 3 (5) 3.50 (5) 3.83 (6) 4.28 
Holdrege (Ho) 4 (5) 4.20 (5) 4.35 (6) 4.66 
Keith (K/ 4 (5) 4.20 (5) 4.35 (6) 4.66 
Hord (H) 4 (5) 4.20 (5) 4.35 (6) 4.66 
Nora (N) 4 (5) 4.20 (6) 4.55 (6) 4.81 
Ulysses (Ul) 4 (5) 4.20 (6) 4.55 (6) 4.81 
Tripp (Tr) 5 (5) 5.00 (6) 5.17 (6) 5.30 
Valentine (V) b 6 (6) 6 .00 (4) 5.71 (7) 5.90 
Thurman (T)b 6 (6) 6 .00 (5) 5.85 (7) 5.92 
Rangeland 
Uly (U) 4 (4) 4.00 (5) 4.20 (6) 4.55 
Coly (Co) 4 (5) 4.20 (6) 4.55 (6) 4.81 
Canyon (Ca) 4 (5) 4.20 (7) 4.74 (6) 4.96 
Anselmo (A) 5 (6) 5.17 (5) 5.1 4 (7) 5.44 
• Abbreviations: OC, organic carbon; CEC, cation exchange capacity. 
b Also rangeland soils. 
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Table A-4. Pesticide index (Pl) values.• 
Pesticide Pll (Sorp) P/2 (Per) . P/3 (Vol) P/4 
alachlor (a) 5 (4) 4.83 (3) 4.52 (5) 4.61 
aldicarb (al) 7 (6) 6.88 (4) 6.51 (5) 6.31 
atrazine (at) 3 (4) 3.25 (5) 3.66 (7) 4.38 
carbary I ( c) 3 (4) 3.25 (2) 2.96 (5) 3.48 
carbofuran (ca) 5 (6) 5.17 (4) 4.98 (6) 5.15 
chlorpyrifos ( ch) 2 (1) 1.67 (4) 2.54 (6) 3.52 
cyanazine (cy) 5 (4) 4.83 (4) 4.69 (7) 5.10 
diazinon (d) 3 (5) 3.50 (4) 3.61 (4) 3.69 
dicamba (di) 7 (6) 6.88 (3) 6.39 (7) 6.47 
2,4-D ester (de) 4 (2) 4.40 (3) 4.14 (2) 3.72 
2,4-D amine (dm) 7 (4) 6.63 (3) 6.15 (7) 6.27 
linuron (I) 4 (3) 3.80 (5) 4.05 (6) 4.44 
malathion (m) 5 (2) 4.50 (1) 3.86 (4) 3.89 
methyl parathion 4 (1) 3.40 (2) 3.08 (6) 3.80 
(mp) 
metolachlor (me) 6 (4) 6.29 (4) 5.98 (5) 5.84 
metribuzin (mt) 7 (6) 6.88 (4) 6.51 (5) 6.31 
pendimethalin (p) (1) 1.00 (5) 3.00 (5) 3.50 
permethrin (pe) (6) 3.50 (7) 4.28 (7) 4.80 
phorate (ph) 4 (2) 4.40 (6) 4.70 (7) 5.10 
picloram (pi) 7 (4) 6.63 (5) 6.42 (7) 6.50 
propachlor (pr) 6 (3) 6.43 (2) 5.83 (6) 5.84 
simazine (s) 2 (4) 2.40 (5) 3.16 (6) 3.84 
tebuthiuron (t) 7 (6) 6.88 (7) 6.90 (6) 6.79 
terbufos (te) 3 (2) 2.75 (2) 2.55 (5) 3.24 
trifluralin (tr) (2) 1.50 (5) 2.90 (4) 3.18 
• Abbreviations: Sarp, sorption; Per, persistence; Vol, volatilization. 
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